ABSTRACT: From March to July 1989 (JGOFS pilot study), measurements were carried out on the oxygen uptake of natural zooplankton communities on five drifting stations (about three weeks each) in the Atlantic from 18~ to 72~ after a method of Martens (1986) . The weight specific respiration rate decreased from south to north parallel to the water temperature, whereas the amount of mesozooplankton increased. No significant differences in the oxygen uptake of the zooplankton community between the five stations could be found. A rough estimate showed that less than 2 % of the phytoplankton carbon was assimilated by the mesozooplankton per day. This is thought to reflect a typical spring situation. The weight specific respiration rate is influenced significantly by the water temperature and the mean length of the zooplankter.
INTRODUCTION
"The Joint Global Ocean Flux Study (JGOFS) has taken as its central mandate the tasks of determining on a global scale the processes controlling the fluxes of carbon and other biogenic elements in the ocean. The annual phytoplankton bloom offered a unique opportunity to observe some of these processes in action." (Bowles, 1991) . The northeastern Atlantic became the site of the first JGOFS process study in 1989. One hundred years earlier, German scientists under the leadership of Victor Hensen undertook the first-ever large-scale study of phytoplankton in the Atlantic. So the German part of the JGOFS pilot study marked the centennial of that expedition.
A main goal of the JGOFS pilot study dealt with the formation, transformation and export of particles of biological origin within and from the euphotic zone with special focus on processes dealing with the retention of biogenic particles within the mixed layer (regenerated production). The zooplankton as second level of the marine food web can be of great importance to these processes. During food uptake intracellular phytoplankton products are released. The formation of faecal pellets changes the size distribution of the particulate matter in the water column which has an influence on the sedimentation process. Furthermore, the diurnal migrations can accelerate the transport of organic material to deeper water layers.
The aim of the investigation presented in this paper was to throw light on the subject of the oxygen uptake of the zooplankton community as a rough estimate of the physiological activity of the zooplankton at different locations in the Atlantic Ocean.
MATERIALS AND METHODS
From March 24 th to July 9 th measurements were performed on five drifting stations ( Figure 1 ) following a drifting buoy to analyse the oxygen uptake of the mesozooplankton community. The drifting stations were as follows:
(1) 18 ~ 19' 26" N/29 ~ 35' 53" W to 18 ~ 48' 25 The following measurements were performed,: (a) Water temperature (+__ 0.002~ and conductivity (transformed to sahnity) (+_ 0.004 S): Neil-Brown Mark III CTD-profiler (continuous vertical profile measurements).
(b) Chlorophyll-a: Samples were taken with Niskin-botfles with a rosette-multisampler (fitted to the Neff-Brown CTD-profiler) at standard depths and measured according to the UNESCO-standard method. Using factors given by Eppley et aL (1973) , these chlorophyll-measurements were converted to phytoplankton-carbon.
(c) Mesozooplankton community respiration: Zooplankton was caught in vertical net hauls from the pycnocline to the surface with a WP-2 net (200 btm mesh size). A subsample was incubated in the dark in 500 ml sea water of the same location at actual water temperature for about 4 hours. Another subsample was treated with additional 100 ing MABA (Sandoz) to anaesthetize the zooplankton and measure the phytoplankton-and microbe-oxygen uptake. Both bottles were locked with polarographic oxygen sensors, the oxygen content of the bottles being measured continuously. The difference between these two measurements gave the oxygen consumption of the mesozooplankton (Martens, 1986) . If an oxygen saturation of less than 70 % was reached, the experiment was terminated (Ikeda, 1977a) . At the end of the experiment, one half of the incubated zooplankton was preserved with 2 % formaldehyde solution for further microscopical analyses, the other half was dried for 24 hours in a desiccator and weighed on preweighed GF/C-fffters on a semi-micro balance to determine the dry weight of the zooplankton incubated. For details of the method for respiration measurements, see Martens (1986) .
The mean length of the zooplankter of each experiments was determined under the microscope in the laboratory after the expedition.
The oxygen consumption of the zooplankton was converted to carbon assimilated by factors given by Parsons et al. (1984) for the sake of better comparison between zooplankton respiration and phytoplankton standing stock.
A t-test on the significance of differences between the parameters measured at the five drifting stations was performed using Statgraphics Statistical Graphics System (STSC, 1987) on an ACER 900 under MS-DOS Version 3.3. The same software was used to compute a stepwise variable selection for the weight specific respiration rate and the determination of the Rank-correlation coefficients (after Spearman and after Kendall) between the parameters measured.
RESULTS
The different drifting stations 1 8 ~ N : The first experiment was situated in the transition zone between Canary Current and North Equatorial Current (Saure & Podewski, 1990) . The drifting buoy was launched on 26 th March 1989 and recovered on 6 th April 1989. The drifting area stretched from 18 ~ 19' 26" N/29 ~ 35' 53" W to 18 ~ 48' 25 " N/30 ~ 40' 55" W. Dependent on internal wave activity the depth of the main pycnochne was about 40 to 80 m (Saure & Podewski, 1990) . The mean temperature in the actual and winter mixed layer ranged from 21.53 ~ to 21.94 ~ with a salinity of 36.57 S to 37.00 S (Fig. 3) . The drifter passed a hydrographical front on April 1 st (Saure & Podewski, 1990 ) and reached a water mass which was mainly characterized by the appearance of a subtropical sahnity maximum. This is not reflected in the zooplankton population. The amount of zooplankton showed no marked changes (Fig. 2) ; only a slight decrease can be seen in the community respiration during these days. Relatively small zooplankter formed the mass of the population (mainly copepodites), the mean length being about 790 ~m (Table 1) .
3 3~ .The drift area was situated in the south-western branch of the Azores Current (Saute & Podewski, 1990) . The drifting buoy for the second experiment was launched on 15 th April 1989 and recovered on 24 th April 1989. The drifting area stretched from 33 ~ 56' 53" N/20 ~ 55' 44" W to 33 ~ 13' 01" N/21 ~ 24' 44" W. Hydrographical investigations on a grid at the beginning of this experiment showed a weakly stratified watercolumn down to the main pycnochne at about 150-200 m depth. The drifter performed a cyclonic movement in the experimental area, no major hydrographical changes occurred during the experiment (Saute & Podewski, 1990) . The mean temperature ranged from 17.45 ~ to 18.04 ~ the mean sahnity from 36.33 S to 37.14 S (Figure 5 ), the small-scale variability being caused by advection and internal wave activity (Saute & Podewski, 1990 ). As Figure 4 shows, major changes occur from April 20 th to 21S~ in the zooplankton dry weight and especially in the community respiration which sinks to a minimum of 3.7 ~tg 02 h -1 m -3. On these days, the major part of the incubated zooplankton was formed by salps.
The mean length of the zooplankter was about 990 ~m (Table 1 ). (Saure & Podewski, 1990 ) with an anticyclonic Table 1 . Temperature (~ salinity (S), mesozooplankton dry weight (mg m-3), community respiration (~tg 02 h -1 m-3), weight-specific respiration rate {~g O2 h -1 mg -1 dw), chlorophyll-a (~tg 1 -t ) and length of the zooplankter (~tm) (all mean values above the pycnocline) at the five drifting stations (18 ~ N to 72 ~ N) structure showing up at the western border of the investigation area (Robinson et al., 1992) . The mixed layer stretched down to 80 m at the maximum. The mean temperature ranged from 12.38 ~ to 14.17 ~ the meansalinity.ranged from 35.61 S to 35.65 S. Figure  6 shows an increase in the amount of zooplankton as well as in the community respiration after May 15 th when the small eddy was left reflecting different zooplankton communities in different water masses. Figure 7 shows the marked increase in salinity observed during these days. The mean length of the zooplankter was about 910 ~tm (Table 1) . 5 8 o N : The drifting buoy for the fourth experiment was launched on 28 th May 1989 and recovered on 8 th June 1989. The drifting area stretched from 57 ~ 39' 07" N/23 ~ 13' 12" W to 58 ~ 18' 00" N/24 ~ 40' 19" W. The drifter trajectory formed half an anticyclonic cycle (Saure & Podewski, 1990) ; the depth of the mixed layer decreased slightly to 100 m during the time of experiment. The mean temperature ranged from 9.13 ~ to 10.37 ~ the mean salinity ranged from 35.23 S to 35.26 S. Figures 8 and 9 show that community respiration and zooplankton dry weight increased on the last day of the experiment whereas temperature and salinity decreased. A CTD-section performed during this time shows that a frontal region existed to the north-east of the drifting region (Saure & Podewski, 1990) .
The mean length of the zooplankter was about 1020 ~m/ Table 1 ). 7 2 ~ N : The drifting buoy for the fifth experiment was launched on 28 th June 1989 and recovered on 9 th July 1989. The drifting area stretched from 72 ~ 00' 00" N/08 ~ 24' 58" W to 72 ~ 09' 07" N/070 46' 48" W and was situated in the Greenland Basin north of Jan Mayen. Hydrographically, it was strongly influenced by the Marginal Ice Zone (Saure & Podewski, 1990) . Temperature and salinity varied strongly compared to the other drifting areas (Figure 11 ), the mean temperature ranging from 1.26~ to 2.31 ~ the mean salinity from 33.73 S to 34.34 S. Marked decrease and increase of temperature and salinity at the beginning of the experiment were caused by a frontal region in the surface layer showing meandering hydrographical structures (Saure & Podewski, 1990) . So different hydrograhic regimes were found during this experiment. The main pycnocline was about 30 m. Samples were taken down to I80 m (polar water transported with the Jan Mayen Current). The community respiration and the zooplankton dry weight reflected the strong variability in this region (Figure 10) .
The mean length of zooplankter was about 1180 ~m (Table 1 ) with large calanoid copepods (Calanus hyperboreus).
Comparison of the drifting stations
As could be expected there was a decrease in temperature from south to north as can be seen from Figure 12 . The differences between the mean temperatures were significant on the 0.1%-level (Table 2 ). The same holds true for salinity (Table 3) .
Parallel to temperature, the weight-specific respiration rate decreased ( Figure 12 ) with significant differences between most of the drifting areas (Table 6) .
As can be seen from Figure 13 , the mean amount of mesozooplankton in the mixed layer increased from south to north with significant differences between most of the drifting areas (Table 5) .
The combination of the amount of zooplankton and the weight-specific respiration .. ".. rate gives the oxygen consumption of the mesozooplankton community (the so called community respiration). No great differences could be found between the five drifting areas ( Figure 13 ). Only in two out of ten cases could a statistically significant difference be observed (Table 4) . To compare the respiration rate of the mesozooplankton with that of the phytop!ankton standing stock, both were converted to units of carbon (Parsons et al., 1984; Eppley et al., 1973) . Figure 14 shows the mean amount of carbon assimilated by the mesozooplankton per day in comparison to the phytoplankton carbon on a logarithmic scale. It ranges from 0.8% to 2 %. Several parameters were measured during these experimentstemperature, salinity, length of the zooplankter, available food in form of chlorophyll-a. To see how these parameters influence the weight-specific respiration rate, a stepwise variable selection was performed. To achieve a better fit with the normal distribution, all values were log-transformed. Table 9 gives the results of this computation. Water temperature and the mean animal length exert a significant influence on the weight-specific respiration rate, whereas neither salinity nor chlorophyll-a play an important role. A decrease in water temperature leads to a decrease in the weight-specific respiration rate whereas an increase in the mean animal length has the same effect. Two non-parametric methods have been used (Rank-correlation after Spearman and after Kendall) to verify the results of the parametric methods (Table 9) . Converted from respiration measurements after Parsons et al. (1984) and from chl-a measurements after Eppley et al. (1973) . (Y-axis: n+l; log-scafe) DISCUSSION JGOFS has two main goals as defined in the science plan: G o a 1 1 : To determine and understand on a global scale the processes controlling the timewarying fluxes of carbon and associated biogenic elements in the ocean, and to evaluate the related exchanges with the atmosphere, sea floor, and continental boundaries. G o a 1 2 : To develop a capability to predict on a global scale the response of oceanic biogeochemical processes to anthropogenic perturbations, in particular those related to climate changes (JGOFS, 1990) .
The zooplankton plays an important role in the transformation of matter within the marine food web; together with microbes it remineralizes one part of the organic matter formed by the phytoplankton and on the other hand serves as food for the higher trophic levels. Difficulties arise when it comes to the more practical question of how to quantify this influence.
To evaluate primary production, standard methods have been widely accepted, for (Eppley, 1989) . This is not true in the case of zooplankton. Methods in use are the determination of food uptake {for instance gut clearance method) or the determination of the amount of faecal material produced. The method used in our experiments was described first by Martens (1986) . It determines the oxygen uptake of a zooplankton community in its natural composition (limited by the mesh size of the nets used). There are several other comparable methods ih use, for instance those described by Richman (1958) or Comita (1968) , measuring in closed systems and determining the oxygen content by means of the Winkler-method. Using polarographic oxygen sensors, as Ikeda (1977a) did, adds the advantage of a continuous recording of the oxygen content. When sampling the zooplankton without sorting out single specimens, a great amount of phytoplankton will always be incubated in the experiments. Phytoplankton (as well as microbes) use oxygen in the dark. The method of Martens (1986) minimizes this problem by a subtraction method. In addition, sorting out single specimens always means stress to the animals. This leads to an effect reported by Ikeda {1977a) of a rapid decrease in oxygen occurring during the first hours of the experiment. This never happened during our experiments. Another factor which causes stress to the zooplankter could be the high numbers of animals in the incubation bottles. As found by Ikeda (1977b) , concentrations of up to 23 000 animals 1-1 (Acart/a sp.) did not change the respiration rate significantlyconcentrations which were never reached during our experiments.
Starvation is another factor which influences the oxygen uptake of zooplankton. Ikeda (1977b) , Mayzaud (1976) , Skjoldal et al. (1984) , Porter et aL (1982) and Vidal (1980) report of the negative influence of starvation on the respiration rate of zooplankton. There was always a great amount of phytoplankton or protozoans available during our experiments, the rate of oxygen depletion in the incubation bottles being nearly linear during all experiments. Considering the different methods used by various authors measuring the respiration of zooplankton in different parts of the world ocean with totally different zooplankton communities, one would expect a very great variation in the results. This is, however, not the case. Ivleva (1980) gives a review of respiration measurements with crustaceans. The weight-specific respiration rates are not significantly different from those given here. The same holds true for Rakusa-Suszczewski & Opalinski (1978) , Lampitt & Gamble (1982) , Ikeda (1970) or Conover (1960) who give nearly identical results (within the range of accuracy) for the respiration per dry weight of comparable species. So none Of the methods used seems to give artificial results as long as care is taken to avoid stress to the animals.
The influence of temperature and size of the zooplankter has been described earlier. Vidal (1980) found an increasing metabolic level with increasing temperature. The amount of food available was of no importance (as long as starvation is avoided), as was found during our experiments). Ikeda (1970) (and various other authors) report of decreasing weight-specific respiration rates with increasing size of the animals, as has been shown in our experiments.
Somehow astonishing was the fact that no great differences could be observed in the community respiration of the five drifting stations of our cruise. When the metabolic level decreased, the amount of zooplankton increased. This leads to a community respiration which has been reported earlier by Schneider et al. (1991) for the Red Sea and the Gulf of Aden with nearly identical values of 50 to 100 ~g 02 h -1 m -3.
If one transforms these values to carbon assimilated (which only gives a very rough estimate) and compares it to phytoplankton standing stock carbon (which is also a very rough estimate), one can at least see that the mesozooplankton is seldom important in terms of the proportion of photosynthetically fixed carbon that it ingests. If one takes the primary production values during the JGOFS pilot study as a basis for the comparison of zooplankton grazing and phytoplankton, the relation is sorfiewhat different (Lenz et al., 1992) . This is due to very low primary production values measured during Meteor Cruise 10 which give a relation of phytoplankton standing stock to primary production of 100 : 12 (Lenz et al., 1992) . The reason for these low primary production measurements are not known.
The low grazing pressure of the mesozooplankton on the phytoplankton population may be a seasonal effect. Thiel et al. (1989) report green material of phytoplankton origin at a depth of 4500 m in the northeast Atlantic Ocean. They come to the conclusion that as much as 3 % of the spring phytoplankton bloom sinks as deep as 4500 m. Similar effects were observed in the Kiel Bight (von Bodungen, pers. comm.) where the phytoplankton spring bloom could be found as a thick green layer on the seabottom. The aim of the next experiments planned on this problem must not be to analyse variation in space (there was nearly no variation in the community respiration from the equator to the Greenland Basin) but to analyse variation in time, to pIan cruises in different seasons when the influence of the zooplankton on the turnover processes might be different.
